UNCLASSIFIED 
AD  NUMBER 


ADA4 92241 

CLASSIFICATION  CHANGES 

TO: 

UNCLASSIFIED 

FROM: 

CONFIDENTIAL 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited.  Document  partially  illegible. 


FROM: 

Distribution  authorized  to  DoD  only;  Foreign 
Government  Information;  MAY  1950.  Other 
requests  shall  be  referred  to  British  Embassy, 
3100  Massachusetts  Avenue,  NW,  Washington,  DC 
20008.  Document  partially  illegible. 


_ AUTHORITY _ 

DSTL  ltr  dtd  16  Feb  2007;  DSTL  ltr  dtd  16  Feb 
2007 


THIS  PAGE  IS  UNCLASSIFIED 


ARMAMENT 


RESEARCH  ESTABLISHMENT 

p 

.  4 


MEMO  No.  16/49 

CROUP  1 

i'.\  *  1  •  d  !nvm  lUitcRin t Id 
down^adirt  and 


WEAPONS  RESEARCH  DIVISION 


JD*J 


JTffj  rt">rt 


$ 


CV 


04 


>v 


■V. 


Closed  Vessel  examination  of  Four  Series  of  Cool  Propellants 


r 


20081 208292 


Ml 


Fort  Harliead, 
Kent. 


W 


May, 


This  Document  was  graded 
CONFIDENTIAL 
at  the  27th  meeting  of  the  A. R  E. 
Security  Classification  Committee. 


THIS  DOCUMENT  IS  THE  PROPERTY  OF  H.B.M.  GOVERNMENT 
AND  ATTENTION  IS  CALLED  TO  THE  PENALTIES  ATTACHING 
TO  ANY  INFRINGEMENT  OF  THE  OFFICIAL  SECRETS  ACTS 

It  is  intended  for  the  use  of  the  recipient  only,  and  for  communication  to  such  officers  under  him  as 
may  require  to  be  acquainted  with  its  contents  in  the  course  of  their  duties.  The  officers  exercising  this 
power  of  communication  arc  responsible  that  such  information  is  imparted  with  due  caution  and  reserve. 
Any  person  other  than  the  authorised  holder,  upon  obtaining  possession  of  this  document,  by  finding  or 
otherwise,  should  forward  it  together  with  his  name  and  address  in  a  dosed  envelope  to 

THE  SECRETARY,  MINISTRY  OF  SUPPLY,  ADELPHI,  LONDON,  W.C.  2. 

Letter  postage  need  not  be  prepaid,  other  postage  will  be  refunded.  All  persons  are  hereby  warned  that 
the  unauthorised  retention  or  destructionof  this  document  is  an  offence  against  the  Official  Secrets  Acts. 


A.R.E. 

Publishing  Section 


Ministry  of  Supply 


1 


y 

* 


* 


/  * 


y 


ARMAMENT  research  establishment. 

i.EMO .  No.  16/49 


(Weapons  Research  Memo.  No. 5/49) 

Closod  Vessel  examination  of  Pour  Series  of  Cool  Propellants. 

H.A.  Flint. 


Summary. 

The  main  object  of  this  investigation  was  to  examine,  by  Closed 
Vessel  methods,  the  burning  characteristics  of  four  propellants  with 
adiabatic  flame  temperatujor.  considerably  lower  than  that  of  any  existing 
Service  composition,  but  manufactured  from  conventional  propellant 
ingredients. 

Each  propollant  soriea  so  examinod  contained  four  compositions  with 
flamo  tomporaturo s  of  2430°,  2200°,  1950°,  and  1700°K  rospootivoly,  the 
uppor  limit  oorrosponding  to  cordito  N  and  the  lower  limit  to  compositions 
whioh,  for  various  reasons,  aro  probably  too  oool  for  Sorvioo  uso. 

Tho  first  series  contained  picrito  as  main  ingrodiont,  gunootton, 
onrbnmito  as  stubilisor.  and  diotfrylono  glyool  dinitrato  (D. G.  N)  and 
dibutylphthalato  (D.B.p)  as  coolants,  The  second  sorios  was  similar  to 
tho  first,  but  with  tho  D.G.N.  replaced  by  D.B.P.  with  tho  addition  of 
nitroglyoorino  (N.G).  Tho  third  and  fourth  sorios  containod  guncotton  as 
main  ingrodiont,  with  N.G,  D.B.P.  and  cnrbnmito  in  tho  third,  and  D.G.N, 
D.B.P,  and  oarbamito  in  the  fourth. 

It  is  oonoludcd  that  all  of  those  compositions  burn  normally  in  tho  ■ 
Closod  Vossol  whon  they  aro  of  such  a  shapo  (viz.  slottod  tubo  or  cord) 
that  thoro  is  no  gas  flow  across  the  propollant  burning  surfaco,in  vhiyh 
oaso  tho  rate  of  burning  can  bo  oxprossod  in  tho  form/2Pa,  whoro  P  is 
tho  prossuro  at  any  instant,  and  /?  and  a  arc  oonstants  for  any  ono 
composition  and  chnrgo  tonporaturc.  For  tho  picrito  compositions  a  '• 
was  loss  than  unity  in  oaoh  ease,  and  dccrcasod  with  roduotion  in 
propellant  flamo  tonporaturc,  but  was  vory  nearly  unity  for  all  tho  non- 
picrito  samples.  In  oach  scries,  reduotion  in  propollant  flamo  tomporaturo 
reduoed  tho  rato  of  burning  ovor  tho  wholo  prossuro  rango.  This  of foot 
was  most  pronounood  with  tho  picrito  -  D.G.N.  sorios,  and,  in  tho  gun, 
loads  to  tho  ncod  for  a  reduction  in  propollant  sizo,  for  tho  samo 
bnllistios,  as  propollant  flamo  tomporaturo  is  reduced.  Tho  tomporaturo 
J  oooffioiorvt  of  rato  of  burning  was  comparatively  insensitivo  to  chnngo  in 
propellant  flamo  tenperaturo. 

Change  in  propollant  shape,  examinod  in  the  caso  of  tho  picrito 
compoeitions  only,  was  found  to  have  a  narked  offoct  on  burning.  Tho  chango 
/  was  -from  tho  parallel-burning  slottcd-tubo  to  granular  multi tube,  in  which 
gofifc-flow  tangential  to  the  propellant  surface  inside  tho  perforations  occurs 
String  burning.  It  is  concluded  that  in  some  eases,  and  particularly  at 
•low  initial  tomporaturo  of  tho  charge,  the  velocity  of  such  gas  flow  was 
sufficiently  high  to  cause  a  considerable  increase  in  rate  of  burning,  duo  to 
i:r.-callcd  propellant  erosion.  This  phenomenon,  together  with  tho 
difficulty  of  ensuring  a  sufficiently  high  rato  of  flow  of  igniter  gasos 
/  into  the  perforations  for  efficient  ignition pleads,  in  most  eases,  to  a 
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complicated  relationship  between  rate  of  burning  and  pressure  which 
could  not  be  roduccd  to  a  form  suitable  for  use  in  internal  ballistic 
equations.  The  relationship  became  increasingly  complex  as  the 
propellant  flame  temperature  was  reduced,  and  also  as  the  charge 
temperature  of  any  one  composition  was  reduced.  In  general,  the  broad 
conclusions  regarding  the  dependence  of  erosive  burning  on  the  propellant 
flame  temperature  which  may  bo  drawn  from  the  results  of  these  firings 
arc  in  agreement  with  theory. 

The  general  conclusion  is  that,  on  grounds  of  accuracy  of  ballistic 
prediction  and  efficiency  of  ignition,  the  granular  perforated  propellant 
shape  is  inferior  to  slotted- tube. 
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results  for  some  cool  propollants. 
Figures  1  to  12. 


1  *  Introduction. 


Towards  the  end  of  Y/orld  War  II,  it  became  clear  that,  for 
successful  future  development  of  high-pcrforance  automatic  guns,  (for 
the  A. A.  role,  in  particular),  some  solution  to  the  gun-wear  problem 
was  essential.  Experience  during  the  war  had  shown  that  in  single  shot 
firing,  and  at  slow  rates  of  automatic  fire,  gun  life  could  be  considerably 
extended  by  using  cooler  propellants.  The  development  of  propellant 
compositions  cooler  than  any  then  in  Service  use  appeared  therefore  to 
offer  at  least  a  partial  solution  to  the  problem  of  designing  high- 
performance  guns  which  would  have  a  reasonably  useful  life. 

There  was  in  existence  at  that  time  an  Armajnont  Research  Department 
Committee  known  as  Propellants  Research  Panel  B,  the  function  of  which 
was  to  co-ordinate  problems  of  the  performance  of  propellants  used  at 
high  pressures  in  relation  to  their  manufacture  and  their  chemical, 
physical  and  mechanical  properties.  At  that  d<atc,  the  present  Explosives  * 
Research  and  Development  Establishment  had  not  yet  been  formed,  and  its 
personnel  was  included  in  the  A.R.D.  The  membership  of  the  above  Panel 
was  made  up  of  Chemists,  Ballistic  inns,  and  Gcrvicc  Representatives* 

Towards  the  end  of  1945*  the  Panel  considered  the  question  of  developing 
cool,  less  erosive  propellants  for  guns,  and  proceeded  to  appoint,  from 
axiong  its  membership,  a  sub-oomnittcc  (called  the  sub-committee  for 
Research  on  Cool  Propellants  for  Guns)  to  deal  with  this  problem.  The 
terms  of  reference  of  the  sub-committee  included: - 

(a)  The  planning  of  the  investigation. 

(b)  The  ordering  of  the  necessary  stores, 
and  (c)  The  progressing  of  the  work. 

At  the  first  meeting  of  the  sub-committee,  hold  on  8th  October,  1945> 
it  was  decided  to  examine  a  series  of  four  propellant  compositions,  based 
on  Service  materials  and  dicthylcnc  glycol  dinitrate  (i.c.D.G.N)  and 
having  adiabatic  flame  temperatures  (T0)  of  1700,  1950,  2200  and  245  j°K 
respectively.  These  compositions  were  designated  Series  I  Cool  Propellants, 
and  small  samples  were  manufactured  by  the  Propellants  Branch  for  Closed 
Vessel  examination.  In  formulating  these  compositions,  the  Propellants 
Branch  were  requested  to  bear  in  mind  the  question  of  flash  and  the 
necessity  for  a  high  nitrogen  content  in  the  products  of  combustion. 

The  following  is  an  extract  from  the  report  by  the  Propellants 
Branch  on  design  and  manufacturing  aspects  of  these  four  compositions : - 

"The  ingredients  for  this  scries  of  propellants  wore  chosen  from 
Service  materials  and  Dicthylcnc  Glycol  Dinitrate  (D.G.N);  the  latter 
ingredient  was  chosen  because  it  is  more  suited  than  Nitroglycerine  for 
use  in  cool  and  ultra-cool  propclla  ts  on  a.ccount  of  its  lower  calorimetric 
va.lue  (Cal.Val.),  and  there  is  also  c very  reason  to  believe  that  in  a 
reasonable  period  of  time  it  will  be  available  for  large-scale  manufacturing 
trials.  The  propellant  shapes  requested  for  Closed  Vessel  examination 
(multitube  and  slottcC-tube)  necessarily  implied  manufacture  by  the 
solvent  process,  and  it  was  accordingly  decided  to  base  the  compositions 
on  the  follo\/ing  ingredients 

Picritc 

Guncotton 

D.G.N. 

Dibutyl  Phthalatc  (D.B.P) 

Carbanitc 


MThe  method  of  formulating  the  compositions  was  as  follows:- 

(i;  .ull  the  compositions  contain  60^4  Picritc  and  20%  guncotton;  by  this 
means  the  optimum  guncottory'liquid  ratio  is  combined  with  a  favourable 
proportion  of  crystallines,  thus  assisting  in  the  production  of 
compositions  with  satisfactory  manufacturing  and  physical  characteristics 
and  yielding  a  high  proportion  of  nitrogen  in  the  produets  of  decomposition. 

(ii)  All  the  compositions  are  based  on  a  reasonably  low  carbamite  content 
and  dibutyl  phthalatc  is  employed  as  a  liquid  coolant.  The  proportions 
of  carbamite  alone  nccccssary  to  formulate  the  cooler  compositions  would 
be  liable  to  lead  to  manufacturing  difficulties  arising  from  the  formation # 
of  the  picrite  -  carbamite  complex  and  an  abnormally  high  content  of 
crystallines. 

(iii) The  hottost  composition  (Tcf2450°k)  contains  no  dibutyl  phthalatc; 
i.o.  the  proportions  of  D.G.N.  and  carbamite  are  adjusted  to  give  the 
required  flame  temperature. 

(iv)  The  three  cooler  compositions  are  then  obtained  by  the  replacement 
of  D.G.N.  by  dibutyl  phthalatc,  keeping  the  proportion  of  carbamite  as 
in  the  hottest  composition. 

"The  solvent  chosen  for  this  manufacture  -  ^cctonc/Alcohol  60/40  parts 
by  weight  -  is  that  normally  employed  in  A.R.D.  for  compositions  of  this 
type  in  which  the  liquid  constituent  (in  this  case  D.G.N.  £  D.B.P)  is  a 
good  gelatiniser  for  nitrocellulose,  since  the  processing  properties  are 
then  somewhat  superior  to  those  obtained  with  the  more  conventional  acetone/ 
Water  solvents.  It  is  likely,  however,  that  should  compositions  of  this 
type  ever  reach  bulk  production  stage,  it  v/ould  be  desired  to  employ  Acetone/ 
Water  solvents  wherever  possible #  .accordingly,  duplicate  batches  of  the' 
two  extreme  compositions  F.487/44  an<^  F. 487/47 >  have  been  prepared  using 
Acetonc/Wator  90/10  parts  by  weight  as  solvent  in  order  to  assess  any 
difference  in  burning  properties  resulting  from  a  change  of  solvent”. 

At  the  time  this  investigation  v/as  initiated,  D.G.N.  was  available  as 
an  ingredient  for  gun  propellants  in  quantities  sufficient  only  for 
experimental  work,  and  it  7/as  considered  that  a  supply  v/hioh  v/ould  be 
adequate  for  Service  compositions  v/ould  be  difficult  to  arrange.  On  the 
other  hand,  D.B.P.  was  in  fairly  good  supply,  which  could  be  increased 
if  necessary*  Accordingly,  a  second  scries  of  propellant  compositions 
similar  to  the  first,  was  designed,  the  difference  being  that,  instead 
of  D.G.N,  suitable  proportions  of  D.B.P.  and  N.G.  were  employed  to  adjust 
the  adiabatic  flame  temperatures -to**  the  original  values ,v vis.-  2450,  2200, 

1950  and  1700°K  respectively;  the  proportions  of  picrite,  nitrocellulose  and 
carbamite  were  kept  the  same.  Small  samples  of  this  second  scries, 
designated  series  I. A.  Cool  Propellants,  were  manufactured  by  the  Propellant 
Branch,  in  both  slotted  tube  and  multitubc  shapes,  for  Closed  Vessel 
Examination. 

In  view  of  possible  difficulties  in  the  future  supply  of  picrite,  it 
v/as  decided  to  investigate  a  third  series  of  compositions,  of  the  same 
flame  temperatures  as  the  previous  scries,  but  manufactured  from  ingredients 
other  than  picrite.  Nitrocellulose  v/as  chosen  as  the  main  constituent: 
the  series  I.B.  Cool  Propellants  contained  65/  of  this  ingredient,  and  2 % 
carbamite,  the  proportions  of  the  remaining  ingredients,  N.G.  and  D.B.P. 
being  adjusted  to  give  the  required  flame  temperatures • 

In  series  I.C.  the  percentage  of  guncotton  v/as  increased  to  70,  but 
the  same  carbamite  content  of  2^  v/as  used.  The  remaining  ingredients  were 
D.G.N.  and  D.B.P,  and  their  proportions  were  adjusted  to  givo  the  same  four 
flame  temperature  levels  as  before. 
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/Samples 


Samples  of  Series  I.B.  and  I.C.  Cool  Propellants  in  cord  form,  were 
manufactured  by  the  Propellants  Branch  (which  now  forms  part  of  the 
Explosives  Research  and  Development  Establishment)  for  Closed  Vossel  testing. 

The  compositions  and  dimensions  of  the  above  four  propellant  scries, 
together  with  calculated  data,  arc  tabulated  in  Appendix  A. 

2.  Ob.jcct  of  the  investigation. 

In  general,  the  object  of  the-  investigation  was  to  examine,  by 
Closed  Vessel  methods,  the  burning  characteristics  of  propellants  with 
adiabatic  flame  temperatures  considerably  lower  than  that  of  any 
propellant  at  present  in  Service  use. 

In  particular,  with  Series  I  Cocl  Propellants  the  objects  were  to:- 

(a)  Examine  the  burning  characteristics  at  various  flame  temperature 
levels,  of  propellants  containing  picritc  as  main  ingredient  and 
D. G.  N.  as  a  subsidiary  ingredient. 

(b)  Study  the  effect  of  initial  temperature  on  the  burning  of  such 
propellants . 

(c)  Study  the  effect  of  shape  on  the  burning. 

(d)  Study  the  effect  of  change  in  processing  solvent  on  the  burning. 

(e)  Compare  the  experimentally  -  determined  force  : constants  for" -the 
propellants  with  the  calculated  values. 

The  object  of  firing  the  Scries  I. A.  compositions  v/cOS  to  examine 
the  effects,  in  connection  \/ith  (a),  (b),  (c)  and  (d)  above,  of 
substituting  N.G.  and  D.B.P.  for  the  D. G.N.  in  the  Series  I.  compositions 
without  altering  the  flame  temperatures, 

With  the  Series  I.B*  compositions  the  object  was  to  study  the 
characteristics,  as  at  (a)  and  (e)  above,  of  a  scries  of  compositions 
having  the  same  flame  temperatures  as  those  of  Series  I.  but  with  gun¬ 
cotton  as  main  ingredient  and  N.G.  and  D.B.P.  as  secondary  ingredients. 

The  object  of  Scries  I.C.  \/as  to  examine  the  effect,  under  (a)  and 
(c),  of  substituting  D.G.N.  for  the  N.G.  and  some  of  the  D.B.P.  in  Scries 
I.B.  compositions,  and  slightly  increasing  the  guncotton  content,  without 
altering  the  flame  temperatures. 

3*  Method. 


The  firings  were  carried  out  in  the  standard  design  of  Closed  Vessel 
used  for  routine  investigations,  w  .ch  has  a  chamber  capacity  of  700  cc. 

For  Series  I.  a.nd  I. A.  Piezo-Electric  pressure-ti;  <  recording  was 
employed,  but  the  newly-ins tailed  apparatus  for  recording  rate  of  pressure1 
rise  (i.e.^p)  against  pressure  (p)  was  used. 

dt 

In  the  case  of  Scries  I,  throe  rounds  ofvcach  sample  were 
fired,  at  a  loading  density  of  Q*J.  grams  per  Cc.  (i.^.  t  a  char^  wight  of 
140  grams)  at  charge  temperatures  of  35°F  and  12C°F.  Similar  firings  were 
carried  out  with  the  Scries  I. A.  compositions,  the  only  difference  being 
that,  \/ith  the  195^°  and  170C°K  samples  the  loading  density  was  increased 
to  0.23  grans  per  cc.  in  order  to  increase  the  maximum  pressure. 

The  main  object  in  firing  at  two  charge  temperatures  wa.s  to  examine 

/the 
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the  effect  of  shape  on  temperature  coefficient,  as  samples  were  provided 
in  both  slottod-tubc  and  multitubc  form,  but  Scries  I.B.  and  I..C.  'were 
supplied  in  cord  form* only.  As  the  rate  of  burning  temperature  coefficients 
of  these  two  scries,  in  cord  form,\7crc  not  likely  to  differ  greatly  from 
those  for  the  slottcd-tubc  form  of  Series  I.  and  I. A,  they  were  fired  at 
the  standard  'temperature  of  8C°F  only.  In  these  two  cases,  three  rounds 
of  each  sample  were  fired,  at  leading  densitios  of  0.2  grans  per  cc. 
for  the  2450°  and  220C°K  compositions,  and  0.25  grams  per  cc.  for  the 
1950°  and  1700°K  compositions. 

Final  results  were  calculated  from  the  mean  results  of  the  three- 
round  scries.  In  each  case,  the  burning  law  was  derived  in  the  fom:- 

Hate  of  burning  =  /9pa , 

where  P  is  the  pressure  and  ft  and  a  are  constants  for  any  particular 
sample  and  charge  temperature.  The  use  of  an  index  burning-lav/  in 
internal  ballistic  theory  leads  to  considerable  complication,  and  it  is 
preferable  to  reduce  it  to  the  equivalent  linear  form,  /S’  P  *  (3 

is  sensitive,  to  some  extent,  to  the  maximum  gun-pressure,  and  in  the 
present  instance  the  maximum  true  gun-pressure  was  taken  to  be  24  tons 
per  sq.in.  (i.e.  20  tons  per  sq. in.  "coppcr"prcssurc) .  Also,  in  the 
Closed  Vessel  p  is  sensitive  to  loading-density.  Pike  (l)  has  shown 
that  the  Closed  Vessel  loading-density  should  be  such  that  the  maximum 
pressure  is  equal  to  that  at  all-burnt  in  the  gun;  as  an  approximation, 
this  can  be  taken  as  being  75'^  of  the  maximum  gun-pressure,  cr  18  tons 
per  sq.in.  in  the  present  ease.  Thus,  if  the  Closed  Vessel  maocimum 
pressure  differs  from  this  figure,  it  is  necessary  to  make  an  appropriate 
correction  to  the  derived  value  of  p  .  It  is  customary  to  denote  the 
corrected  constant  in  the  linear  burning  law  by  the  symbol  /?,  (24) 

Pike  (l)  has  also  shovm  that  the  correct  value  of  force-constant 
(  Ajto  use  in  R4D.38  internal  ballistic  theory  (which  employs  the  fictitious 
cO“volur.c=  the  reciprocal  of  the  propellant  density)  is  that  corresponding 
to  the  prossurc  at  all-burnt  in  the  gun  (assumed  to  be  18  tons  per  sq.in. 
in  the  present  instance).  This  force  constant  is  denoted  by  \1  ^10  ^ 

Values  of  ^(24)^1  >^o)<wcrc  calculated  for  each  set  of  firings. 

.also,  values  of 'X0*v/crc  deduced  fren  the  experimental  results  for 
comparison  with  the  figures  calculated  from  the  nominal  compositions  and 
thcmcchcmical  data. 


In  the  case  of  the  slottcd-tubc  samples,  temperature  coefficients 
of  burning  rate  were  calculated  from  the  constants^  (24) and  \  vl3)  •  It 
was  not  possible  to  use  this  method  for  the  multitubc  Samples,  for 
which,  in  most  cases,  it  was  not  possible  to  deduce  simple  burning  laws. 

In  such  eases,  temperature  coefficients  were  calculated  by  a  previously 
reported  method,  in  which  time  intervals,  at  the  two  charge  temperatures, 
for  equal  increments  in  pressure,  are  compared. 

4*  Results. 

The  Closed  Vessel  results  arc  summarised  in  Tables  I  to  IV. 

In  most  cases  the  burning  of  the  multitube  samples  was  abnormal,  and 
it  was  not  possible  to  obtain  a  simple  relationship  between  rate  of  burning 
and  pressure.  In  such  cases,  therefore,  it  \/as  not  possible  to  deduce 
values  for 

In  these  cases  in  which  two  shapes  of  the  same  composition  were 
provided,  the  figures  for  \  a  ^uro  the  mean  for  the  two  shapes. 


In  the  present  instance,  "temperature  coefficient"  of  burning  rate 
is  defined  as  being  the  increase  in  quickness  when  the  charge  temperature- 
is  raised  from  35°  to  1 20°F>  quickness  being  the  ratio  X/9/D  >  where  X 
and  p  are,  respectively,  the  force  and  rate  of  burning  constants ,' as;  - 
before,  and  D  is  the  smallest  dimension  of  the  propellant. 

X,  and  X0  arc  in  units  of  tons  per  sq.  in. /grams  per  ec.  and/?,  (24) 
is  expressed  in  inches  per  see. /tons  per  sq.in. 

a  is  the  index  in  the  lav/:-  Rate  of  burning  =  /9Pa  . 

Closed  Vessel  Firing  Results. 

Table  I.  Scries.  I.  Cool  Propellants. 
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Composi¬ 

tion 

1  No. 

L<ot  No- 

; Solvent 

1  ' 

j 

i 

a 

i 

1  SLOTTED  TUBE 

MULTITUEE 

^C\  Experi- 
1  mental 

J 

Calcd. 

p,  ( 

r.teo0!' 

, Temp. 
jCoc^f . 

Temp. 

Coeff. 

F487/44 

F487/45 

F467/46 

F487/47 

AHD2079 

aRD208C 

ARD2081 

AKD2082 

0.835 
i Aoctcne/0.814 
Alcohol  0.784 
0.667 

7C.6  !  63.6 
65-4  1  58.0 
61.8  54.0 
55.6  |  47-3 

62.5 
58.0 
53.3 

47.6 

0.590 
0.473 
,  0.393 
0.3C3 

|  14 

14 

17  1 

19  ! 

5 

3 

0 

|  19 

F487/44 

1487/47 

j _ : 

ARD2092 

AHD2093 

Aectcno/0. 842 
j  Water  0.795 

j 

71.4!  64.4 
54.7;  46.5 

62.5 

!  47-6 
_ _ 

!  0.584 

! 0.329 

1 

13 

16 

6  i 
18  ! 

Table  II.  Series  I. a.  Cool  Propellants. 


(Uomposi- 
j  tion 

1  No# 

Lot  No. 

1 

I  j  .  i 

1 

s 

- 1 

: SLOTTED  TUBE 

MULTITUEE. 

•  1 

‘ 

1 

a  |  X,(ic) 

! 

; 

1 

Experi¬ 

mental 

Calcd. 

at  80° P. 

Temp. 
Coeff . 

Temp. 

Coeff. 

% 

P527/1 53 

ARD2408 

0.8C1 ! 70.6 

63.5 

62.2 

0.554 

13 

6 

r5 27/154 

/>RD2409 

0.770  65.4 

57.9 

57.9 

O.484 

10 

.4 

F527/155 

.PD2410 

0.775' 60.8 

52.9 

52.9 

0.405 

12 

7 

^527/156 

.J032411 

0.765  55.0 

47.7 

47.9 
- - - - 

0.376 

14 

6 

Table  III.  Series  I.B.  Cool  Propellants. 


Composition 

No. 

:  Lot  No. 

a 

M’«) 

Experimental 

^  ;  • 

Calculated 

P\  O) 

at  80°P. 

P428/1 78 

1 

AED2460  0.983 

169.3 

!  62.7 

61 .2 

0.639 

F428/179 

ARD2461 

,0.982 

64*1 

57.3 

57.  c 

0.542 

(F428/1 80 

ARD2462 •  1  . 009 

60.3 

52.9 

52.0 

0.467 

^428/1 81 

ARD2463 

•1.042 

56.9 

t 

49.3 

47-1 

0.408 

Table  IV.  Cories  I.C.  Cool  Propellants. 


Oomposition  Lot  No.  j  a 

No. 

M1a) 

Experimental 

D 

Calculated 

4(«) 

at,  80°F. 

t.  ; 

D’487/66 

CRDD2604I  0.950 

68.0 

61  .5 

61  .4 

0.666 

F487/67 

CRDD2605  0.951 

63.8 

57.0 

57.2 

1  0.559 

F487/68 

C1®L2606  1.008 

160.4 

53.4 

52.3 

i  0.476  ! 

1487/69 

CRDD2607  1.003 

'56-7 

49.2 

47.5- 

1  0.418  1 
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5*  Discussion  of  results. 


(a.)  Series  I.  Compositions. 

Figure  1,  in  which  rate  of  burning  is  plotted  against  pressure, 
shows  that  all  the  slotted  tube  samples  burned  in  a  normal  manner 
at  both  charge  temperatures.  These  curves  also  indicate  that  the  use 
of  Aeetono/Vfater  solvent  in  plaec  of  Acctone/Alcohol  had  little  effect 
on  the  burning  of  compositions  F. 487/44  and  47*  The  greater  difference 
in  this  respect  was  with  the  coolest  composition,  as  indicated  by  the 
values  of  ^(24),  the  change  in  solvent  causing  a  difference  of  some  8$. 

This  is  not  readily  apparent  from  the  plotted  rate  of  burning  curves, 
which  have  to  be  extrapolated  for  ^(24) to  be  deduced  .  Sueh  extrapolation 
is,  of  course,  undesirable,  and  it  was  for  this  reason  that,  in  subsequent 
firings  of  very  eool  compositions,  the  loading  density  was  increased  from 
0.2  to  0.25  grams  per  ce. 

The  values  of  Pfe*),  for  the  slotted-tube  shape  of  propellant,  and  a 
charge  temperature  of  80°F,  arc  plotted  against  a* ihbatie  flame  temperature 
•  in  Fig.  9-  This  curve  shows  that  the  relationship  between  /?t(24)and  flame 
temperature  is  very  nearly  linear. 

Table  X.  shows  that  the  temperature  coefficient  of  the  slotted-tube 
shape  tends  to  increase  as  the  adiabatic  flame  temperature  is  reduced. 

The  actual  figures  eailJfdr  ilittle  edipnent ,  being  ‘repre&entatxve '  of  thei:N-typc 
of  propellant.  Three  of  the  multi tube  samples,  however,  had  temperature 
coefficients  which  were  very  low  (zero  in  one  ease),  but  the  remaining 
multitube  sample  (the  eoclost  composition)  had  the  same  temperature 
coefficient  as  the  corresponding  slotted- tube  sample. 

In  the  two  eases  examined^,  the  use  of  Acetone/Water  solvent  in  place 
of  Aeetonc/Aleohol  had  no  significant  effect  on  the  temperature  coefficient 
of  either  the  slotted  tube  or  the  multi  tube  samples. 

It  has  previously  been  stated  that,  in  most  eases,  the  burning  of  the 
nultitube  samples  w<as  so  abnormal  that  it  was  not  possible  to  deduce 
simple  burning  la.ws,  and  that,  in  such  cases,  it  was  necessary  to  resort 
to  a  comparison  of  time  intervals  to  determine  temperature  coefficients. 

In  the  present  instance,  this  method  may  not  give  a  reliable  indication* 
of  the  performcnee  of  the  propellant  in  the  gun. Basically,  the  reason 
for  this  lies  in  the  difference  in  loading  density  between  the  gun  and 
the  Closed  Vessel  and  the  erosive  burning  which  occurs  in  the  perforations, 
during  the  early  stages  of  burning. 

It  is  well  known  that  turbulent  flow  of  propellant  gases  tangential 
to  the  propellant  burning  surface  eon  considerably  enhance  the  rate  of 
burning  by  increasing  the  conduction  of  heat  back  to  the  propellant# 
surface.  This  increased  burning  is  additional  to  any  mechanical  removal 
of  propellant  from  the  burning  surf  ce  due  to  the  friction  of  the  fast- 
moving  gases.  These  two  phenomena  are  frequently  referred  to  jointly 
as  erosive  burning,  although  it  is  of  course,  ah  accurate  description 
of  cnly  the  second  of  these  two  phenomena. 

The  gases  produced  by  combustion  inside  the  perforations  of  the 
multitube  shape  of  propellant  are  accelerated  until  they  emerge  from  the 
grain,  and* in  certain  circumstances,  may  acquire  considerable  velocity 
tangential  to  the  propellant  burning  surface.  Erosive  burning,  therefore, 
may  occur  in  propellants  of  this  shape.  The  slotted-tube  shape,  however,  may 
be  considered  to  be  free  from  erosive  burning,  in  the  Closed  Vessel,  as 
the  gases  formed  inside  the  perforations  are  free  to  come  out  through 
the  slot,  and  the  conditions  arc  eoch  that  any  velocity  tangential  to  the 
burning  surface  ean  be  of  only  a  very  low  order.  In  the  ease  of  the 

^  /slotted- 


slotted- tube  shape,  therefore,  burning  may  be  assumed  to  be  pressure- 
dependent  only,  and  to  proceed  by  parallel  layers.  This  is,  no  doubt, 
an  over- simplification  of  the  mode  of  burning,  but  it  provides  a  means 
of  examining  whether,  in  any  particular  eases,  there  is  any  appreciable 
erosive  burning, 

In  the  present  instance,  we  have  two  sets  of  samples,  pressed  from 
the  sixmo  mixture  of  ingredients,  one  in  slotted-tube  form  and  the  other 
multitubular.  If,  at  any  pressure,  the  rate  of  burning  of  the  M.  T. 
sample  is  appreciably  greater  than  that  of  the  S.T.  sample  of  the  same 
composition,  then  the  suspicion  arises  that  the  excess  may  be  due  to 
erosive  burning.  Thus,  in  Fig.3>  in  which  the  ratio(Rnte  of  burning  of 
M.T.)/(Rate  of  burning  of  S.T.)  is  plotted  .against  the  amount  of  charge 
burnt  (i.e.  a  measure  of  the  pressure)  for  each  of  the  four  compositions 
and  each  of  the  two  charge  temperatures,  the  shapes  of  the  curves  suggest 
that ,  in  most  of  these  cases,  there  was  some  erosive  burning. 

It  should  be  mentioned  that  in  calculating  rates  of  burning  for 
the  M.T.  samples,  the  geometrical  form  function  was  used,  assuming 
parallel-layer  burning  of  the  propellant.  As  the  accuracy  of  such 
assumptions  depends  upon  the  absence  of  erosive  burning,  then  if 
erosive  burning  does,  in  fact,  occur  the  calculated  figures  are  not 
true  rates  of  burning  but  ^apparent  rates. 

Before  attempting  a.n  explanation  of  Pig. 3,  it  is  necessary  to 
consider  ignition  phenomena,  and  theories  of  erosive  burning.  It  is 
well  knox/n  that,  qualitatively,  hot  propellants  arc  more  readily  ignited 
than  cool  compositions.  In  the  present  experiments,  the  sane  ignition 
system  was  used  for  all  compositions,  and  its  "efficiency"  may  have 
decreased  with  reduction  in  propellant  flame  temperature.  The  complete 
mechanism  of  propellant  ignition  is  not  fully  understood,  but  there  is 
little  doubt  that  in  certain  eireumstanees ,  the  charge, is, to  some  extent, 
self-igniting,  i.e.  the  igniter  ignites  part  of  the  charge,  and  the 
propellant  gases  assist  in  igniting  the  remainder.  Closed  Vessel 
experience  suggests  that  the  corners  of  a  stick  of  x^opellant  are  more 
readily  ignited  than  the  surfaces,  as,  on  those  occasions  in  which  the 
charge  has  failed  to  burn  in  sprite  of  the  igniter  having  functioned, 
some  burning  at  the  corners  of  the  sticks  of  propellant  has  frequently 
been  observed.  In  particular,  in  a  recent  scries  of  Closed  Vessel 
firings  of  a  cool  propellant  (D. B.P. 360. ) ,  the  reduction  in  stick  length 
from  5  ins.  to  1  in.,  in  steps  of  1-in,  had  a  marked  effect  on  the  very 
early  stages  of  burning,  with  a  progressive  improvement  in  ignition. 

At  the  sharp  corners  of  a  propellant  stick,  the  heat  input  .during  ignition 
is  in  two  directions  and  the  propellant  temperature  increases  more 
rapidly  at  this  point  than  over  the  remainder  of  the  propellant  surfaeo. 

It  seems'  reasonable  to  suppose, therefore,  that  ignition  commences  at 
the  stick  corners,  and  then  spreads  over  the  remainder  of  the  surface. 

The  "corner-burning"  effect  is  an  additional  complication  in  the 
comparison  attempted  in  Fig.3>  as  the  fired  length  of  the  slotted-tube 
was  5-ins.,  and  the  multitube  was, of  course, chopped  to  a  much  shorter 
length  (about  0.6  to  0.65-in.)*  This  would  tend  to  favour  the  ignition 
of  the  multitube.  If  ^hc  xale  of  burning  curves  for  the  slotted-tube 
shape  in  Fig.  1. are  extrapolated  back  in  the  direction  of  the  origin, 
it  is  found  that  in  nearly  every  case  the  curve  intersects  the  pressure 
axis  at  zero  rate  of  burning.  In  general,  the  intercept  tends  to  increase 
as  the  propellant  adiabatic  flame  temperature  is  reduced,  or  as  the  charge 
temperature  is  reduced.  This  points  to  non-uniform  ignition  over  tho 
charge  surface.  This  effect  is  less  marked  with  the  multi tube  shape , 
(presumably  because  of  the  corner-burning  effect),  as  can  be  seen  from 
Fig.  2.  In  this  case,  the  hottest  composition,  F.487/44>  appears  to  be 
the  worst  offender  in  this  respect,  but  the  burning  curves  for  tho 
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/ remaining 


remaining  compositions,  when  extrapolated,  pass  through  4or  very  near, 
the  origin,  (in  the  experimental  technique  used  in  this  propellant 
scries, the  early  part  of  the  rate  of  burning  curve  is  lost  in  the 
differentiation  of  the  pressure-time  curve).  Thus,  in  some  cases 
the  multitube  sample  appears  to  burn  considerably  faster  than  the 
slotted- tube,  as  can  be  seen  in  Fig. 3* 

As  burning  proceeds,  at  a  faster  rate  initially  at  the  corners  than 
elsewhere,  the  corners  become  rounded  off  and  the  "corner-burning"  effect  * 
dies  away.  At  this  stage,  the  multitube  is  apparently  slowpr-burning 
than  the  slotted- tube,  due,  it  is  suggested,  to  incompletion  of  ignition 
in  the  perforations.  The  conditions  for  ignition  are  much  less  favourable 
inside  the  multitubular  propellant  grain  than  outside.  The  outer  surface 
con  draw  upon  the  heat  energy  of  a  comparatively  large  amount  of  igniter, 
but  the  amount  of  hot  igniter  gases  available  to  the  inner  surface  is 
limited*as  it  has  to  be  forced  into  the  perforation.  In  this  connection, 
the  perforation  diameter  is  important,  as  it  has  a  bearing  on  the  amount 
of  heat  available  per  unit  area  to  be  ignited.  Thus,  for  a  perforation 
filled  instantaneously  with  igniter  gases  of  a  certain  heat  content  per 
unit  volume,  the  total  heat  available  for  ignition  varies  as  D  ,  where 
D  is  the  perforation  diameter.  The  area  to  be  ignited  varies  as  D  and 
the  heat  available  per  unit  surface  must  therefore  be  proportional  to  D 
also.  Thus,  the  time  lag  in  igniting  down  the  perforation  increases  as 
D  is  reduced.  In  the  present  series,  the  perforation  diameters  of  the 
four  samples  were  very  nearly  equal,  as  were  the  cut  lengths. 

The  propellant  itself  probably  plays  a  large  part  in  ignition  down 
the  perforation,  the  flame  creeping  along  the  propellant  surface,  from 
both  ends.  By  the  time  internal  ignition  is  completed,  the  perforations 
have  probably  become  slightly  conical  in  shape.  Before  this  stage  is 
reached,  the  gases  generated  inside  the  perforations  acquire  considerable 
velocity  in  their  efforts  to  emerge  from  the  grain,  and  in  some  circum¬ 
stances  this  velocity  may  be  sufficiently  high  to  cause  erosive  burning. 

In  the  present  series,  in  three  of  the  four  cases  the  gas  velocity  was 

sufficiently  high  to  cause  a  very  considerable  amount  of  erosive  burning 

at  a  charge  temperature  of  35°F>  «and  some  erosive  burning  in  other  cases  also. 

In  a  mathematical  treatment  of  the  effect  of  gas  flow  tangential 
to  the  burning  surfa.ee  of  a  propellant,  Lennard-Jones  and  Corner  (2) 
concluded  that  " turbulent"  burning  is  a  function  of  the  thickness  of 
the  reaction  zone  of  the  propellant,  and  the  velocity  of  the  gases 
tangential  to  the  propellant  surface.  As  the  pressure  increases,  the 
reaction  zone  decreases  in  thickness,  and  erosive  burning  would  be 
expected  to  decrease  also  if  the  gas  velocity  remained  unaltered. 

Somewhat  surprisingly,  however,  the  gas  velocity  in  the  perforation  of 
a  multi tubular  (or  any  other)  grain  decreases  as  the  pressure  rises. 

The  propellant  rate  of  burning  increases  almost  linearly  \/ith  pressure, 
but  the  gas  density  increases  also,  and  the  volume  of  gas  generated 
in  unit  time^per  unit  burning  surf  *e,  remains  nearly  constant.  As 
the  perforation  diameter  D  increases  the  gas  velocity  actually  decreases, 
as  the  volume  of  gas  produced  in  the  perforation  varies  as  D  and  the 
area  of  the  hole  varies  as  D2.  Thus,  the,  velocity  of  flow  varies  as  1/D, 
very  nearly.  Thus,  if  the  whole  of  the  internal  surface  could  be  ignited 
instantaneously  at  the  same  time  as  the  external  surface,  the  conditions 
for  erosive  burning  would  be  at  their  most  severe,  as  the  gas  flow 
would  be  a.t  the  maximum  velocity  and  the  thickness  of  the  combustion 
zone  would  be  at  its  maximum  also.  In  practice,  it  is  not  possible  to 
achieve  this  ideal  ignition,  and  the  maximum  gas  velocity,  at  the  ends 
of  the  grain,  increases  as  ignition  proceeds  along  the  perforation.  In 
some  circumstances,  the  gas  velocity  can  become  sufficiently  high  for 
erosive  burning  to  occur  before  ignition  in  the  perforation  is  completed. 

Thus,  in  Fig.  3/  in  those  cases  in  which  the  M.T.  burns  faster  than  the 
S.T.  over  part  of  the  burning  range,  there  is  probably  some  erosive 

/burning 
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burning  of  the  M.T.  even  before  the  ratio  of  the  burning  ratos  (r) 
reaches  unity.  In  these  cases,  it  seems  likely  that  ignition  in  the 
perforation  is  completed  at  or  about  the  maximum  value  of  R. 

Charge  temperature  appears  to  have  a  marked  effect  on  erosive 
burning.  It  was  thought, at  one  time,  that  a  possible  explanation  of 
this  might  be  that  the  law  of  erosive  burning  is  dependent  upon  charge 
temperature.  In  order  to  test  this  theory,  the  erosive  burning  of 
cordite  N  under  knov/n  conditions  of  gas  flow  was  examined,  using  a  low- 
pressure  interrupted-burning  technique,  at  charge  temperatures  of  -5°> 

60°  and  1i!f0oF.  Certain  technical  difficulties  were  encountered  during 
these  experiments,  but  the  broad  conclusion  that  there  was  no  appreciable 
change-  iri> the  erosion  rates  with  temperature  may  be  expressed  with  some 
confidence.  The  actual  figures,  expressed  as  ratios  of  rates  of  burning 
with  and  without  erosive  burning,  were  2.60,  2.58  and  2*55  for  charge 
temperatures  of  -5°;  6j°  and  140°F.  respectively.  It  is  therefore 
concluded  that  the  increased  erosive  burning  at  low  temperature,  in  the  - 
present  instance,  is  not  due  to  any  temperature  dependence  of  the  erosive 
burning  law.  An  alternative  explanation  is  that,  with  reduction  in 
charge  temperature,  ignition  becomes  more  difficult,  and  ignition  down 
the  perforation  after  ignition  of  the  external  surface  becomes  longer 
delayed.  In  effect,  as  the  charge  temperature  is  reduced,  ignition,  in 
the  perforation  is  completed  at  a  progressively  higher  pressure,  and 
this  leads  to  the  maximum  rate  of  gas  flow,  and  erosive  burning,  occurring 
at  a  higher  pressure  also.  In  other  words,  in  the  early  stages  of  burning, 
at  the  seme  pressure  level  the  perforation  diameter  is  smaller  with  a. 
cool  charge  than  with  a  warm  charge,  and  this  so  influences  the  gas  flow 
in  the  perforation  that  there  is  increased  erosive  burning  as  the  chargo 
is  cooled. 

The  above  phenomenon  may  have  some  bearing  on  the  ignition  of 
perforated  cool  propellants  in  guns.  By  adjustment  of  the  quantity  and 
position  of  the  igniting  material,  it  should  be  possible  to  accelerate 
or  delay  ignition  in  the  perforations.  Following  from  Closed  Vessel 
experience,  a  long  delay  would  be  expected  to  cause  a  large  amount  of 
erosive  burning.  A  heavy  igniter  would  produce  an  effect  similar  to 
this* as  it  would  raise  the  pressure  at  which  ignition  in  the  perforation 
is  completed.  Erosive  burning,  of  course,  causes  the  perforation 
diameter  to  increase  at  an  abnormally  high  rate,  r.nd  could  result  in  an 
increased  charge  burning-surface,  with  a  consequent  increase  in 
maximum  pressure  and  muzzle  velocity.  V/ith  a  very  gentle  igniter,  the 
converse  would  hold;  ignition  in  the  perforations  would  be  completed  at 
an  earlier  stage,  the  conditions  would  approach  those  of  normal  pressuro-  • 
dependent  burning,  and  the  ballistics  would  be  lower  than  in  the  previous 
ease.  In  practice  it  is  found  that  a  comparatively  weak  igniter  docs, 
in  fact,  give  smoothest  ignition  and  minimum  ballistics,  and  the  ballistic 
increase  and  pressure  waves  become  more  severe  if  the  amount  of  igniter 
is  increased.  It  is  possible,  therefore,  that  erosive  burning  nay  be 
one  of  the  many  factors  \/hich  contribute  to  the  difficulty  of  obtaining 
satisfactory  ignition- of  perforated  eccl^ propellants  'ini the  gur>;  ‘if  this 
is  true,  the  Closed  Vessel  may  be  of  some  assistance  in  this  respect. 

Fig. 3.  shows  very  clearly  that  at  low  charge- temperature,  the 
maximum  rate  of  erosive  burning  occurs  at  a  progressively  higher  pressuro 
as  the  propellant  flame  temperature  is  reduced.  This  is  to  be  expected, 
from  the  supposition  that  the  propellant  becomes  increasingly  difficult 
to  ignite,  v/ith  a  corresponding  increase  in  ignition  delay.  In  the  case 
of  the  coolest  composition,  it  is  presumed  that  the  rato  of  burning  is 
so  small  and  the  ignition  delay  so  great  that  the  gas  flow  in  the 
perforation  docs  not  become  turbulent  and  there  is  littlo  erosive  burning. 
During  the  process  of  internal  ignition  the  perforation  becomes  tapered 
outwards  in  lorgitudinal  cross-section,  and  this,  of  course,  influences 
the  rate  of  flow. 
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In  view  of  the  above  results,  it  was  decided  to  use  the  S.T.  shape 
in  preference  to  M.T.  for  early  trials  of  cool  propellants  in  guns. 

Series  I. A.  Compositions. 

In  Fig.ifj  the  rates  of  burning  of  the  S.T.  samples  are  plotted 
against  pressure,  for  the  two  charge  temperatures  of  35°F  and  120°F. 

The  curves  are  of  normal  shape,  arid  do  not  disclose  any  peculiarities 
of  burning.  The  values  of/?1(24)for  these  compositions  (for  a  charge 
temperature  of  80°F)  were  less  sensitive  to  propellant  flame  temperature 
than  were  those  of  Series  I,  as  is  shown  in  Fig. 9*  In  particular,  /91  (24) 
for  the  coolest  composition. was  considerably  greater  than  that  of  the 
corresponding  Series  I.  composition.  The  reverse  was  true  at  *thc 
highest  level  of  flame  temperature,  v/ith  the  result  that  the  decrease 
in  ^(24)  from  the  hottest  to  the  coolest  compositions  was  much  less  than 
in  the  previous  series. 

The  temperature  coefficients  of  all  four  samples  in  S.T.  form,  were 
of  the  same  order  of  magnitude,  and  rather  lower  than  those  of  Scries  I. 

The  experimental  values  of  X  0  were  in  good  agreement  with  the 
calculated  figures. 

As  in  Series  I,  the  M.T.  samples  burned  abnormally  in  some  instances, 
particularly  at  low  charge-temperature,  as  shown  in  Fig.5« 

The  erosive  burning  of  the  M.T.  samples  was  examined,  as  before,  by 
plotting  the  ratic  (Rato  of  burning  of  M.T.  sample)  /  (Rate  of  burning 
of  S.T.  sample)  against  the  amount  of  charge  burnt,  as  in  Fig. 6. 

In  general,  the  two  sets  of  curves  (Fig. 3  and  6)  display  very  similar 
characteristics.  The  chief  difference  is  that,  with  Scries  I. A,  there 
is  greater  emphasis  on  the  "corner-burning"  effect,  but  there  is  the 
same  enhanced  erosion  at  low  charge-temperature,  the  same  increased  delay 
in  internal  ignition  as  the  charge  temperature  is  reduced,  and  the  some 
increased  delay  in  reaching  the  maximum  rate  of  erosive  burning. 

Within  the  limits  cf  experimental  accuracy,  the  temperature  co¬ 
efficients  of  the  M.T.  samples  were  equal,  and  were  only  about  one-half 
those  of  the  S.T.  samples. 
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Series  I  B  Compositions 


In  calculating  X0  and  T0  for  this  series  and  series  I.C,  improved  thermochcmical 
data  was  used.  This  had  the  effect  of  increasing,  both  To  and  X0  by  about  1  f0>  in 
comparison  with  the  previous  data. 

The  rate  of  burning  curves  are  shown  in  Pig  7.  For  this  series,  and  also  for 
series  I.C.,  the  new  recording  apparatus  was  employed.  Comparison  of  Pigs  1  and  7 
shows  that  the  change  in  method  of  recording,  from  pressure-time  to  ^  -  pressure, 

has  led  to  a  considerable  smoothing  of  the  rate  of  burning  cruves. 

Values  of  (24),  for  c 1  charge  temperature  of  80°P,  are  plotted  in  Pig.  9,  from 
which  it  is  seen  that  the  present  non-picrite  compositions  are  appreciably  faster- 
burning  than  the  corresponding  samples  containing  picrite  (Series  I  ana  I  A).  This 
is  not  unexpected,  as  it  is  known  that,  in  the  case  of  cordite  N,  for  example, 
picrite  size  has  a  considerable  effect  on  rate  of  burning.  The  index  c:  in  the 
burning  law  may  be  as  low  a.s  0.85  if  very  coarse  picrite  is  used,but  tends  to  approach 
the  normal  figure  of  approximately  1 .0  for  the  hotter  colloidal  propellants  as  the 
picrite  is  ma.de  increasingly  finer.  In  the  present  instance,  the  values  of  r; 
for  the  series  I.B  compositions  (i.e.  non-picrite)  were  all  close  to  1.0.  On  the 
other  hand,  the  ctfe  for  the  series  I  and  I. A  compositions  (i.e.  picrite)  varied 
between  0.67  and  0.83. 

In  three  of  the  four  causes,  the  experimental  X0  wa.s  in  good  agreement  with 
the  calculated  value.  The  experimental  X  fer  the  coolest  composition,  however,  was 
some  4^  greater  than  the  calculated  figure. 

Series  I.C.  Comno sit ions . 

The  rate  of  burning  curves  shown  in  Pig.  8  indicate  no  abnormalities  of  burning, 
and  ejre  very  similar  to  those  for  series  I.B.  Prom  Pig.  9  it  is  seen  that  the 
valuesof/?1(2i)for  the  series  I.C.  compositions  are  not  very  different  from  those 
of  series  I.B.  In  no  case  is  the  difference  any  greater  than  lot  to  lot  differences 
of  the  same  nominal  composition,  as  with  the  other  non-picrite  series  (i.B),  the 
values  of  a  were  very  nearly  unity,  and  in  this  ca.se  also  there  was  a  slight  tendency 
for  -ft  to  increase  a.s  the  propellant  flame  temperature  was  reduced. 

Here  a.gain ,  the  calculated  X0swere  in  good  a.greement  with  the  experimental 
values  except  in  the  ca.se  of  the  coolest  composition,  where  the  difference  was 
nearly  4  the  experimental  value  being  the  greater,  a.s  before. 

Conclusions 


(1)  In  all  four  series  of  propellant  compositions  examined,  reduction  in  r.diabatic 
flame  temperature,  over  the  range  from  2450°  to  170CVK,  does  not  introduce  any 
abnormality  in  burning,  provided  that  the  propellant  is  of  such  a  sha.pe  thaot  high- 
velocity  gas  flow  tangential  to  the  propellant  surfa.ee  does  not  occur  during 
burning;  in  these  same  circumstances,  reduction  in  change  temperature  produced  no 
abnormal  effects  with  the  picrite  comp-^  itions,  and  there  is  no  reason  to  suppose 
that  the  non-picrite  propellants  would  not  burn  normally  at  1  ow  temperature  also, 
although  they  were  not  examined  in  this  respect. 

(2)  In  all  four  series,  the  rate  of  burning  c  instant,  ^(24) decreased  with  reduction  in 
propellant  flame  temperature  when  burning  was  by  parallel  layers  (i.e.  in  either  S.T. 
or  cord  form).  The  picrite  -  D.G.N.  series  was  the  most  sensitive  in  this  aspect, 

P\  (24^ decreasing,  on  an  average,  by  about  20^c  for  a  reduction  in  flame  temperature 
of  250°K. 

(3)  The  use  of  N.G.  +  D.B.P  (series  I. A)  in  place  of  D.G.N  (Series  i)  reduced  /2, (24) 
at  the  2450JK  flame  temperature  level,  and  increased  ^(24)0!  the  1700°K  level. 
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if.  All  the  expositions  ofthe  non-picrite  series  containing  D.G.N.  (i.c.  series 
I.C.)  burned  appreciably  faster  than  the  corresponding  picrite  compositions 
(Series  I),  this  difference  increasing  with  reduction  in  propellant  flame  tempera¬ 
ture  . 


5.  The  substitution  of  N.G.  +  D.B.P.  (series  I.B.)  for  D.G.N.  (scries  I.C.)  in 
the  non-picrite  series  produced  a  slight  reduction  in  ^(24),  of  the  order  of  2  or 

6.  The  temperature  coefficients  of  rate  of  burning  for  the  two  picritc  series 

in  S.T.  form  were  of  the  normal  order -of  magnitude;  in  the  D.G-.N.  series  there  was 
a  slight  upward  trend  as  the  flame  temperature  was  reduced,  but  in  the  second 
series  the  temperature  cjefficients  of  the  four  compositions  were  equal,  within  the 
accuracy  of  the  experimental  method. 

7.  The  use  of  Acctone/Water  in  place  of  Acetone/Alcohol  as  processing  solvent  had 
no  appreciable  effect  on  the  burning  of  the  S.T.  form  of  the  hottest  composition  of 
the  picrite  4  D.G.N.  series  either  at  high  or  low  charge  temperature.  In  the  case 
of  the  coolest  composition  of  this  series,  however  the  above  substitution  increased 

^^24) at  80°F  charge  temperatures  by  nearly  S%,  and  slightly  reduced  the  rate  of 
burning  temperature  coefficient. 

The  above  conclusions  refer  specifically  to  those  propellant  shapes  which  burn 
by  parallel  layers  in  the  closed  vessel,  viz.  S.T.  and  cord.  The  following  remarks 
refer  to  the  multi tubular  shape;  only  the  two  picritc  series  of  propellants  were 
supplied  in  this  shape. 

3*  In  most  cases,  and  particularly  at  low  charge  temperature,  the  relatijnship 
between  rate  of  burning  and  pressure  for  the  M.T.  samples  of  the  series  I  and  I  A 
compositions  was  too  complicated  for  it  to  be  expressed  in  terms  of  a  simple  index 
law,  an d  values  of /^(a*) could  not,  therefore  be  deduced. 

9.  At  the  sane  charge  temperature,  the  M.T.  samples  were ,  in  general,  faster  burning 
than  the  corresponding  S.T.  samples. 

10.  The  temperature  coefficient  for  three  of  the  picrite  -  D.G.N.  compositions  of 
M.T.  shape  were  very  low,  zero  in  one  cane,  but  in  the  remaining  cr.se,  that  of  the 
coolest  composition,  the  temperature  coefficient  for  the  M.T.  was  the  same  a.s  for 

the  S.T.  On  the  other  hand,  the  temperature  coefficient  for  the  four  picrite  -  N.G.  - 
D.B.P  compositions  of  M..T,.  shape  were  nearly  equal,  and  were  about  one  half  of  those 
for  the  corresponding  S.T.  samples. 

11.  The  use  of  Acetone/Vater  in  pla.ee  of  Acetone/Alcohol  as  processing  solvent 
during  the  manufacture  of  the  M.T.  shapes  of  the  hottest  and  coolest  picrite  -  D.G.N. 
composition's  had  the  effect  of  slightly  reducing  the  ra.te  of  burning  at  both  high 
and  low  charge  temperature,  without  affecting  the  temperature  coefficient. 

12.  In  the  igniticn  stage,  departure  from  the  assumed  parallel-layer  burning  at 
the  corners  of  the  propellant  granules  had  an  appreciable  effect  on  the  apparent 
rate  of  burning  of  the  M.T.  samples,  in  c  pari  son  with  the  S.T.  samples  which  were, 
of  course,  fired  in  considerably  longer  stick  lengths. 

13*  Ignition  in  the  perforations  of  the  M.T.  samples  was  not  completed  until  an 
appreciable  fraction  of  the  charge  ha.d  been  consumed. 

14-  The  ignition  delay  referred  to  in  (13)  above  increased  as  the  propellant  flame 
temperature  was  reduced. 

15.  The  ignition  del  a#  referred  to  in  (13)  above  increased  a.s  the  charge  temperature 
was  reduced. 


(16)  At  the  lower  charge  temperature,  and,  in  some  cases,  at  the  higher  charge 
temperature  also,  the  gas  velocity  in  the  perforations  of  the  M.T.  samples  was 
sufficiently  high  to  eause  erosive  burning  of  the  propellant  to  occur. 

17.  The  erosive  burning  referred  to  in  (16)  above  rerxhed  its  maximum  value  at  a 
progressively  later  stage  of  burning  as  the  propellant  flame  temperature  was 
reduced. 

18.  The  erosive  burning  referred  to  in  ( 1 6)  above  reached  its  maximum  value  at  a 
later  stage  of  burning  when  the  initial  temperature  of  the  charge  was  reduced. 

19*  After  reaching  a  maximum  value,  erosive  burning  gradually  diminished  as  burning 
proceeded,  due  mainly,  it  is  though,  to  the  decrease  in  velocity  resulting  from 
the  increasing  perforation  diameter. 

20.  Erosive  burning  was  more  pronounced  at  low  temperature  than  at  high  temperature, 
with  the  result  that  by  the  particular  method  of  assessment  employed,  the  tempera¬ 
ture  coefficient  for  the  M.T.  shape  in  most  cases  appeared  to  be  lov/er  than  that 
of  the  some  composition  in  S.T.  form. 

6.  Further  Work 


Further  evidence  of  erosive  burning  of  a.  perforated  pr  jpellant  shape,  in  this 
ease  tube,  has  since  been  obtained  with  non-picrite  propellrnts  of  1950°K  flame 
temperature,  series  I.B  and  I.C.  In  each  case  two  propellant  sizes  were  examined, 
and  the  results  are  discussed  in  Appendix  B. 

It  is  possible  that  erosive  burning,  and  the  lag  in  completing  ignition  of  the 
interior  burning  surface,  are  factors  whieh  contribute  to  the  difficulties  of 
satisfactorily  igniting  charges  of  cool  granular  propellants  in  the  gun.  The 
suggestion  here  is  that  if  the  rate  of  burning  is  a.  discontinuous  function  of  the 
pressure,  this  may  serve  to  aecentuate  any  disturbing  factors  which  ma„y  olreexLy  be 
present. 

In  appendix  B,  it  is  shown  that,  in  some  circumstances,  the  effect  of  erosive 
burning  on  the  burning  law  approximates  to  a  change  in  form  function  0  i.e.  if  we  have 
the  same  propellant  composition  in  two  shapes,  one  of  which  burns  in  parallel  layers 
and  the  other  burns  erosively,  then  we  can  use  the  same  lav/  of  burning  for  both 
by  using  a  fictitious  0  for  the  erosively-  burning  shape. 

In  view  of  the  importance  of  cool  propellants  for  the  extension  of  gun  life,  and 
the  well-known  advantages  of  the  multitubular  shape  particularly  in  its  application 
to  cool  compositions  when  it  is  necessary  to  fill  necked  cartridge  cases  to  a  high 
loading-density,  further  investigation  of  erosive  burning  is  highly  desirable  on 
two  main  grounds,  viz:- 

(a)  its  effeet  on  the  gun  ignition  problem,  and 

(b)  its  effect  on  the  law  of  propellant  burning. 

Much  work  is  now  being  earried  out  en  propellants  of  the  195C°K  flame  tempera¬ 
ture  level,  at  -which  level  the  pierite  composition  appears  to  be  much  less  erosive  than 
the  non-picrite  types.  Laek  of  sufficient  supplies  of  D.G.N.  appears  to  rule  out 
the  use  of  this  material  as  a  propellant  coolant,  in  the  immediate  future,  leaving 
the  alternative  of  D.B.P  +  additional  N.G.  It'has  therefore  been  decided-; to 
explore  the  erosive  burning  characteristics  of  the  series  I. A.  composition  F. 527/105, 
containing  60/'  pierite,  20/.  guncotton,  8.86(/  N.G.  8.50^  D.B.P.  and  2.64^  carbamite. 

Samples  of  this  composition  have  been  made  by  E.R.D.E  on  the  small-scale  plant 
at  Woolwich,  as  follows:-  (a)  slotted  tube  (b)  eord  (e)  four  srmples  of  multitube, 
all  of  the  same  web  size  and  perforation  dimeter,  but  in  different  lengths  (d-)Three 
sizes  of  tube,  with  different  perforation  diameters  but  the  same  annulus. 
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(a)  and  (b)  above  burn  non-erosively  and  their  two  shapes-  should  follow  the  same 
lav.  of  burning.  They  serve  as  a  standard  of  comparison  for  the  remaining  shapes,  so 
that  the  extent  of  erosive  burning  may  be  assessed.  With  samples  (c)  the  dependence 
of  erosive  burning  on  the  ratio  (stick  length.  /(perforation  diameter)  for  a  particular 
perforation  diameter,  may  be  assessed.  It  is  intended  to  fire  different  stick  lengths 
of  samples  (d)  viz.  stick  lengths  of  1 ,  2,  3^  and  5  ins,  the  last  being  the  longest 
stick  length  which  can  be  accommodated  in  the  present  design  of  Closed  Vessel,  ^ere, 
.again,  it  will  be  possible  to  examine  the  effect  of  the  (stick  length  )/( perforation 
diameter)  ratio  on  erosive  burning,  but  in  this  case  there  is  the  additional  variant 
of  perforation  size  which  is  thought  to  ha.ve  an  important  bearing  on  ignition  and 
erosive  burning. 

It  is  intended  to  fire  the  above  samples  in  the  Closed  Vessel  a.t  two  change 
tenperaiures,  viz.  35  F  end  8C°F,  in  order  to  obtain  a  better  understanding  of  the 
quantitative  effect  of  change  temperature  on  erosive  burning.  Most  of  the  firings 
have,  in  fact,  already  been  canried  out,  but  the  analysis  of  results  ha.s  not  yet 
proceeded  far  enough  for  any  conclusions  to  be  drawn.  In  the  case  of  the  K.T. 
samples,  there  was  a  very  marked  increase  in  erosive  burning  as  the  stick  length 
was  increased* 

In  connection  with  the  above  investigation,  the  manufacture  of  further  M.T. 
samples  of  the  same  composition  has  been  arranged.  In  this  case,  the  variant  is 
the  perforation  diameter,  the  ratio  (Stick  length  )/( perforation  diameter)  being 
constant . 

The  M.T.  shape  of  propellant  is  usually  so  dimensioned  that,  initially,  the 
perforations  account  £>r  about  40/  of  the  total  surface  area  of  the  grain.  On  the 
other  hand,  the  corresponding  figure  for  the  tubular  shape  is  only  25/1.  Thus, 
in  this  respect,  tube  is  the  better  shape,  but  this  advantage  of  a  smaller  proportion 
of  internal  burning  surface  is  lost,  in  practice,  by  the  use  of  larger  stick-lengths. 
In  the  experiments  outlined  above,  it  mil,  of  course,  be  possible  to  maice  a  direct 
comparison  of  these  two  propellant  shapes  from  the  standpoint  of  their  susceptibility 
to  erosive  burning. 

In  connection  with  the  problem  of  developing  satisfactory  methods  for  igniting 
granular  propellant  charges  in  the  gun,  samples  of  two  of  the  series  I  (i.e.  picrite 
4*  D.G.N.)  compositions,  with  flame  temperatures  of  2200°  and  1700°K.have  been 
manufactured  in  the  M.T.  form  with  unconventional  dimensions.  One  of  the  170C°K 
M.T,  samples  has  a  length/perforation  diameter  ratio  of  27.5,  which  is  close  to  t he 
normal  figure  of  about  25. 

« 

The  second  M.T.  sample  of  this  composition  has  a  perforation  diameter  about 
five  times  that  of  the  first  and  the  grain  is  about  twice  as  long,  so  that  the  length/ 
perforation  diameter  in  this  ca.se  is  a.pproxima.tely  twelve.  These  two  samples  are 
ballistically  equivalent.  A  third  sample  of  this  composition  in  M.T.  form  made  for 
Closed  Vessel  firings  only,  has  approximately  the  same  web  thickness  and  perforation 
diameter  as  the  second,  but  is  twice  a.s  long,  the  length  to  perforation  diameter  in 
this  c ase  being  the  normal  figure  of  about  25.  One  sample  of  the  2200°K  composition, 
in  M.T.  form,  ha.s  a  length  to  pcrforatic  diameter  ratio  cf  25.  The  second  sample 
of  this  composition  is  in  the  form  of  chopped  tube,  with  the  length  to  perforation 
diameter  ratio  the  same  a.s  for  the  M.T.  sample.  The  third  sample,  also  tubular  in 
shape  and  with  the  same  internal  and  external  diameter  a.s  the  second,  was  supplied 
in  6-inch  lengths  for  Closed  Vessel  firings  so  that  changes  with  different  ratios 
of  stick  length  to  hole  diameter  ma.y  be  fired.  It  is  proposed  to  fire  all  of  these 
special  samples  in  the  Closed  Vessel,  as  well  a.s  in  the  gun,  in  the  hope  that  it  may 
be  possible  to  obtain  some  qualitative  correlation  between  phenomena  disclosed  by 
the  Closed  Vessel  technique,  and  factors  which  have  a  disturbing  influence  in  the 
propellant  ignition  and  burning  in  the  gun. 
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APPENDIX  A 


Propellant  Data 


(a)  Series  i  Cool  Propellants 

Composition  No. 

F. 487/44 

F. 487/45 

F. 487/46 

F.  487/47 

Composition;  - 

Picrite 

6o 

60 

60 

60 

Guncotton 

20 

20 

20 

20 

D.G.N. 

17.36 

14.22 

11.16 

7.90 

D.B.P. 

- 

3.14 

6.20 

9-46 

Carbamite  - 

2.64 

2.64 

2.64 

2.64 

Td  -  °K 

2449 

2200 

1957 

1693 

X0.  -  tons  per  sq.. in. /rr.o 

per  c. c*  ^2.5 

58.O 

530 

47-6 

T]  -  c«  c«  s«  per  gm 

1 .000 

1 .03 

1 .06 

1 .09 

y 

1 .265 

1  .280 

1.295 

1  .31  2 

Dimensions:  - 

/ 

(i)  Samples  processed  with  Acetone/AI 

-cohol  Solvent 

Slotted  tube 

Lot  No.  ARD 

2079  A 

2080  A 

2081  A 

2082  A 

Finished  size  (ins) 

.155-. 054 

•  1 51 5~. 051 5 

.150-. 051 

.1485-. 0495 

Mean  annulus  (ins) 

.0505 

.0500 

.0495 

•0495 

annulus  variation  (ins) 

.048-. 054 

.047-.  053 

.047-. 054 

.0465-.  053 

Wt.per  100"  (grains) 

599 

583 

567 

559 

Density  (gms/c.c.) 

1 .632 

1.620 

1 .602 

1 .581 

Breaking  diameter  ratio 

13.5 

15 

15.5 

17-5 

V.M.  (per  cent) 

0.10 

0.10 

0.09 

0.10 

Multitube 

Lot  No.  A.R.D. 

2079  B 

2080  B 

2081  B 

2082  B 

Finished  size  (ins) 

.2665-. 023^ 

.2625-.  0230 

.2660-. 0235 

.2630-. 0255 

Mean  web  (ins) 

.049 

.0485 

.049 

.0465 

80^  web  limits  (ins) 

.047- -0505 

.046-.  051 

.046-.  C52 

.044-. 0495 

Mean  outer  web  (ins) 

.0495 

.0485 

.050 

.048 

Mean  inner  web  (ins) 

.0485 

.O48 

*•0475 

.045 

Meen  cuter  hole 

.0235 

.023 

.0235 

.0245 

Mean  inner  hole. 

.0235 

.023 

.0235 

.028 

Density  (gns/c.c) 

1.637 

1  .620 

1.602 

1 .58O 

Granules  per  lb. 

488 

523 

553 

-  562 

V.M.  (per  cent) 

0.10 

0.10 

0.09 

0.11 

16. 
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(ii)  Samples 


Composition  No, 

Slotted  tube 

Lot  No.  3..R.D. 

Finished  size  (ins) 

Mean  ihinulus  (ins) 
ijinulus  variation  (ins) 
Wt.  per  100"  (grains) 
Density  (gms/c.c) 
Breaking  diameter  ratio 
V.M,  (per  cent) 

Multi tube 

Lot  No. 

Finished  size  (ins) 

Mean  web  (ins) 

80/  web  limits  (ins) 
Mean  outer  web  (ins) 
Mean  inner  web  (insy 
Mean  outer  hole  (ins) 
Mean  inner  hole  fins) 
Density  (gms/c.c.) 
Granules  per  lb. 

V.M.  (per  cent) 


processed  with  aicetone/ffater  solvent 

i  :  r 

F.  487/44 

2092  A 
.151 -.053 
.04  9 

.047-. 052 
591 
1.643 
24.5 
0.05 

2092  B. 

.268-. 026 
.0475 
.045-. 050 
.0485 
.046 
.0255 
.0275 
1.641 
511 
0.10 


(b)  Series  I,  A,  Cool  Propt  Hants 


F.  487/47 

2093  ^ 
.148-. 050 
.049 

.046-. 052 
569 
1 .582 
20.5 
).Q7 

2093  B 
.269-. 0265 
.0475 
.045'-.  05u 
.0485 
.046 
.026 
.028 
1.581 

530 

0.11 


1 

Composition  No. 

F. 527/153 

In 

§ 

C\J 

LT, 

If.  527/1 55 

F.  527/1 56 

Composition 

Picrite 

1 

60 

60 

60 

60 

Guncotton  (13.2/N,  C.W. ) 

20 

20 

20 

20 

N.G. 

13.72  i 

11.33 

8.86 

6.38 

D.B.P. 

3.64  1 

6.03 

8.50 

10.98 

Carbamite 

2.64  1 

2.64 

2.64 

2.64 

To  -  °K 

2449 

2206 

1950 

1710 

X0  -  tons  per  sq.in./gms  per  c.c 

62.2 

57.9 

52.9 

47.9 

-  c.c.s  per  gm. 

1 .00 

1 .03 

1 .06 

1.10 

y 

1.28 

1.29 

1.31 

1.32 

Dimensions 

Slotted  tube 

Lot.  No.  ii.R.D. 

2408  B 

2409  B 

2410  B 

2411  B. 

Finished  size  (ins) 

.1445-. 044, 

.147-. 042 

.1465-. 0445 

.152-. 0465 

Mean  annulus  (ins) 

.050 

.0525 

.051 

.0525 

80/  annuli  limits(ins) 

.048-. 053 

.049 -.046 

.048-. 053 

.048-. 055 

Density  (gms/c.c) 

1.652 

1  .631 

1.610 

1.585 

Wt.  per  100"  (grains) 

591 

l  613 

607 

597 

V.M.  (per  cent) 

0.08 

0.08 

0.08 

0.08 

Multi tube 

Lot  No.  A.R.D. 

2408  A 

1409  A  Z 

2410  A 

2411  A 

Finished  size  (ins) 

.265-. 026 

.2695-.  026' 

5  .270-. 026 

.270-. 026 

Mean  web  (ins) 

.0465 

.0475 

.048 

.048 

80/  web  limits (ins) 

.043-. 050 

.  "'44-.  05 05  .  046-.  052 

.045-. 051 

Mean  outer  web(ins) 

.049 

.0465 

.049 

.0495 

Mean  inner  web  (ins) 

.0445 

.048 

.047 

.0465 

Mean  outer  hole  (ins) 

.025 

.02  65 

.0255 

.0255 

Mean  inner  hole  (ins) 

.028 

.027 

.0275 

1  .027 

Density  (gms/cc) 

1.648 

1.627 

1.609 

1.587 

Granules  per  lb. 

1320 

1345 

1340 

1335 

Cut  length  ( ins ) 

0.615 

O.615 

0.615 

;  0.62 

V.M.  (per  cent) 

0.10 

0.08 

| 

0.10 

0.08 

I 
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Note  the  above  lots  were  prepared  from  normal  Naval  grade  picrite,  of 
measured  specific  surface  20^000  sq.cms./c.c. 


(c)  Series  I.B.  Cool  Propellants 


Composition  No 


F. 428/1 78 


Composition 

Guncotton  (13. 2/N,  C .  W.  ) 

N.G. 

D.B.P. 

Carbamite 

-  °K 

X0  -  tons  per  sq.in/gms  per  cc. 
h  -  c.c.s.  per  gram 
y 


65 

20.2 

12.8 

2 

2462 

61.2 

1.015 

1.278 


F. 428/1 79 


F. 428/1 80 


F. 426/181 


65 

17.9 

15.1 

2 

2221 
57.0 
1 .04 


65 

15.4 

17.6 

2 

1961 
52.0 
1 .080 


65 

13.1 
19.9. 

2 

1722 

47.1 
1.097 


1 .290 


1 .308 


1 .321 


Dimensions 


Cord  shape 

Lot  No;  ...R.D. 

Finished  size  (ins) 

80/  diameter  limits  (ins) 
Wt.  per  100"  (grains) 
Density  (gms/c.c.) 
Breaking  diameter  ratio 


2460 

.052J 

.0510-. 0526 
82.5 
1.538 
6 


2461 

.0523 

.0510-. 0527 
82.6 
1.518 
6 


2462 

.0508 

.0500-. 05 13 
77.0 
1.500 
6 


2463 

.0510 

.0497-. 0511 
76.8 
1.486 


(d)Series  I.C.  Cool  Propellants 


Composition  No. 


F. 487/66 


F487/67 


F4 87/68 


F487/69 


Composition 


Guncotton( 13.2/  N) 

D.G.N. 

D.B.P. 

Carbamite 
V.M. (per  cent) 

T0  -  °K 

-  tons  per  sq.in/gm.per  c.c. 
h  -  c.c.s.  per  n. 

y 


70 

20.2 

7.8 

2 

0.C6 
2465 
61 .4 
1 .011 
1  .276 


70 

17.3 

10.7 

2 

0.08 

2227 

57.2 

I.035 
1 .285 


70 

14.3 
13.7 

2 

0.15 

1966 

52.3 
1.060 
1.303 


70 

11.4 

16.6 

2 

0.13 

1729 

47.5 
1.091 
1.319 


Dimensions 


Cord  shape 

Lot  No.  C.R.D.D. 

Finished  size  (ins) 

Wt.  per  ICO"  (grains). 
Density  (gms)/cc.) 


2604 

0.050 

76.0 

1.536 


2605 

0.051 

76.6 

1.514 


2606 

0.050 

74.5 

1.496 


2607 

0.052 

79.9 

1.483 


D.G.N. 

D.B.P. 

N.G. 

V.M. 

To 

^■0 

n 

y 


Diethylene  glycol  Dinitrate  ' 

Dibutyl phthalate 
Nitroglycerine 
Volatile  material 

Propellant  adiabatic  flame  temperature 

Propellant  force  constant,  calculated  from  nominal  '-composition 
and  thermochemical  data 
Co-volume  of  propellant  gases 

Ratio  of  specific  heats  of  the  propellant  gases. 
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Appendix  B 


The  original  manufacture  of  the  four  series  of  cool  propellants  was  in  small 
quantities  only,  for  Closed  Vessel  testing,  and  was  carried  out  on  the  small  scale 
plant  at  E.R.D.E.  Woolwich,  Manufacture  on  a  large  scale,  for  gun  trials,  has  had 
to  be  carried  out  on  plant  of  higher  capacity,  because  of  the  quantities  involved. 

It  is  well  known  that  differences  in  propellant  burning  can  occur  between  the  products 
of  different  factories  producing  the  same  nominal  composition,  and  such  differences, 
therefore,  may  give  rise  to  misleading  results  when  propellants  made  at  different 
factories  are  compared.  Keeping  this  in  mind,  the  rate  of  burning  of  the  E.R.D.E. 
sample  of  composition  F.428/18C  was  compared  with  the  rates  of  burning  of  two 
samples  of  the,  same  composition  manufactured  at  Waltham  Abbey,  lots  WACX.  186A  and  B. 
The  E.R.D.E.  sample  was  in  cord  form,  and  the  Waltham  Abbey  samples  were  both  in 
tubular  form.  In  Fig.  11,  the  ratios  of  the  rates  of  burning  of  the  W.A.C.X.  lots 
to  the  rate  of  burning  of  the  E.R.D.E.  lot  are  plotted  against  the  amount  of 
charge  burnt.  From  Fig.  11,  it  is  seen  that,  as  in  the  case  of  the  M.T.  samples 
of  series  I  and  I. A  compositions,  there  is  an  appreciable  time  lag  before  ignition 
is  completed  in  the  perforation  of  the  tubular  shape.  This  is  shown  by  the  shapes  of 
the  curves  in  the  early  stages  of  burning^the  plotted  ratios  reaching  unity  only  after, 
an  appreciable  amount  of  charge  has  burned  away. 


The  hole  diameters  for  WACX  186A  and  B  were  0.0187  in.  and  C.0207  in.  respectively. 
As  the  same  stick  length  of  5-in.  was  used  in  both  cases,  the  ratios  of  stick  length 
*to  perforation  diameter  were  267  and  241  respectively.  From  Fig  11  it  is  seen  that 
the  lot  with  t  he  larger  perforation  diameter  i.e.  WACX  186  B,  burns  at  about  the  same 
rate  as  the  E.R.D.E.  cord  sample  over  a  large  part  of  the  burning  range.  Shortly 
after  the  completion  of  ignition  in  the  perforation  of  lot  WACX  186A,  the  rate  of 
burning  of  this  sample  reached  a  value  nearly  10%  greater  than  the  E.R.D.E.  cord 
sample,  but  as  burning  continued  this  difference  decreased  until  the  rates  of 
burning  were  the  same  at  about  65%  burnt.  From  the  shape  of  the  curve,  it  is 
probable  that  this  difference  in  burning  rates  is  due  to  erosive  burning  of  the 
tubular  sample.  Thus,  erosive  burning  occurred  only  in  the  case  of  the  sample 
with  the  larger  ratio  of  stick  length  to  hole  diameter.  There  is  further  confirmation 
of  this  in  Fig.  11,  burning  -  through  of  the  annulus,  as  shown  by  the  decreasing 
ratio  of  rates  of  burning,  occurring  first  in  the  co.se  of  the  sample  with  the 
smaller  perforation  diameter. 


Erosive  burning  has  the  effect  of  altering  the  constants  a  and  P  in 
the  burning  law  -  Rate  of  burning  = /5Pa  .  The  actual  values  of  a  and  p  in  the 
present  instance  were:- 


Lot  No, 
WACX  186a 
WACX  186B 


P  a 

t.602  0.891 

0.500  0.966 


These  two  laws  cross  at  about  12  tons  per  sq.in.  pressure.  This  is  very  nearly 
the  same  pressure  at  which  either  law  will  intersect  the  equivalent  linear  law 
corresponding  to  gun  conditions.  Thus,  the  values  of  for  the  two  samples  would 
be  expected  to  be  very  nearly  equal.  Th^.  calculated  values  were,  in  fact,  0.462  and 
0.461  for  WACX  186a  and  B  respectively.  The  figure  for  the  E.R.D.E.  lot,  of  cord 
shape,  was  0.467. 

Two  samples  of  composition  F. 487/68,  in  tube  form,  were  manufactured  at 
Vifalthrm  Abbey  for  gun  trials.  These  two  samples  were  of  different  size, 
lot  WACX.  181  having  a  perforation  diameter  of  0.0345  in.,  and  lot  WACX  182  a 
perforation  diameter  of  0.048  in.  These  lots  also  were  fired  in  the  Closed  Vessel, 
the  charge  length  being  5-ins,  as  before.  Thus,  the  ratio  of  stick  length  to  hole 
diameter  was  145  in  the  first  case,  and  104  in  the  secqnd. 
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CQNFIIENTIAL 


The  ratio  of  rate  of  burning  of  lot  WACX  181  to  the  rate  of  burning  of  the 
JE.R.D.E.  cord  sample  is  plotted  against  the  amount  of  charge  burnt  in  Pig.  12.  It  is 
seen  that  as  in  previous  examples  of*  perforated  propellant,  there  is  a  considerable 
delay  before  ignition  in  the  hole  is  completed.  In  the  present  case,  very  shortly 
after  this  stage  was  reached  the  rate  of  burning  of  the  tubular  sample  reached  a 
value  about  13%  greater  than  that  of  the  cord.  This  peak  value,  however,  soon  commenced 
to  fall  until,  at  about  65%  burnt,  the  tube  burned  at  the  same  rate  as  the  eord. 

Beyond  this  stage,  the  ratio  of  rates  of  burning  continued  to  decrease,  indicating 
that  the  erosive  burning  present  in  the  early  stages  had  changed  the  geometry  of 4  the 
propellant  sticks  in  such  a  manner  that  they  were  now  burning  through  in  places 
while  there  was  still  an  appreciable  annular  thickness  at  other  points# 

In  comparison  with  a  propellant  shape  which  burns  non-erosively,  erosive  burning 
of  the  perforated  shape  is  equivalent,  in  effect,  to  a  change  in  form  function 
8,  the  constant  term  in  the  expression 

Fraction  of  ehorge  burnt  =  (  1-f  )(  1-iAf ) 

where  f  is  the  remaining  fraction  of  the  smallest  dimension  of  the  propellant  at  any 
stage  during  burning.  If  0  is  positive  in  sign,  it  follows  that  the  charge  area 
deereases  as  burning  ^proceeds.  Ignoring  the  small  area  of  the  .sticks,  and  assuming 
parallel-layer  burning,  the  surface  area  of  tubular  propellant  is  constant  as 
burning  proceeds,  and  0=0. 

Erosive  horning  is  equivalent  to  a  fictitious  increase  in  charge  area  during  the 
early  stages  of  burning.  However,  as  the  charge  burns  away,  erosive  burning  deereases 
as  the  perforation  diameter  becomes  larger,  i.e.  the  fictitious  burning  surface  decreases 
also.  Thus,  the  variation  of  erosive  burning  with  the  amount  of  charge  burnt  is 
similar,  qualitatively,  to  a,  change  of  9  with  parallel-layer  burning. 

In  the  case  of  lot  WACX.  181,  the  use  of  9  =  0.2  instead  of  9  =  0  in  the 
Closed  Vessel  analysis  leads  to  better  agreement  between  the  rate  of  burning  of  the 
tubular  sample  and  the  rate  of  burning  of  the  E.R.D.E.  cord  sample,  as  shown  by  the 
dotted  curve  of  Pig.  12.  (Actually,  the  agreement  would  be  a  little  better  if  9  were 
a  little  less  than  0.2).  Thus,  the  law'  of  burning  for  the  E.R.D.E.  cord  sample 
would  agree  very  closely  with  that  for  the  VlJCX.181  tube,  using  9  =  0.2  for  the  tube. 
Using  the  true  geometrical  form  function,  however  ^the  burning  laws  were:- 

For  the  E.R.D.E,  eord,  rate  of  burning  =  0.487  P  (  P\  (24)  =  0.476) 

For  the  WACX  1 81  tube,  rate  of  burning  =  0.609  P  (^,(24)  =*0.499) 

The  seeond  sample  of  F. 487/68  manufactured  at  Waltham  Abbey  (lot  W^CX  182)  had  a 
larger  perforation  diameter  than  the  first:  the  stick  length,  as  fired,  being  the  sane 
in  tie  two  cages phe  gas  velocity  in  the  perforation,  for  the  same  pressure,  would  be 
lower  in  this  case  than  in  the  previous  one,  and  this  would  be  expected  to  cause 
less  erosive  burning  than  before.  It  can  be  seen  from  Fig,  10,  in  which  the  ratio 
of  the  rate  of  burning  of  lot  WACX.  182  to  the  rate  of  burning  of  the  E.R.D.E.  cord 
sample  is  plotted  regains t  the  amount  of  ch  age  burnt,  that  there  was,  in  fact,  very 
little  erosive  burning  in  this  case.  The,  striking  differences  between  figs.  10  and  12 
are  in  the  peak  values  of  the  plotted  ratios,  and  in  the  rates  at  which  the  ratios 
decrease  in  the  later  stages  of  burning.  Yrfhen  8 0%  of  the  charge  is  burnt,  lot 
Wi*CX  181  is  apparently  burning  at  a  rate  of  only  86%  that  of  the  cord,  but  the 
corresponding  figure  for  lot  WACX.  182  is  nearly  93%.  The  adaption  of  O  =  0.05  for 
lot.  WACX  182  brings  the  index  It  in  the  burning  la*  for  ‘this  lot*  into  tetter  agreement 
with  that  for  cord,  but/?  for  the  tube  is  lower  than  for  the  cord  sample.  For  9  =  0, 
cc  =  .988  and /5  =0.496  for  VLjGX  182,  and (24)=  O.48I.  Thus,  if  these  figures  are 
compared  with  those  for  WACX.  181  and  the  E.R.D.E  cord  sample,  it  is  seen  that,  as  in 
the  case  of  F. 428/1 80.  P  rjid/S^^iecrease,  and  d  increases ,  and  tends  to  approach  ' 

the  values  for  the  cord  sample,  as  erosive  burning  is  reduced  from  one  sample  to  another. 

♦ 

*1  sample  of  P.487/46  (lot  V4.CX.l69)  rnanuf ac  tur  e  d  in  slotted  tube  fom  at  Walthcun 
j.bbey  was  found  to  be  slower  burning  than  the  original  sample  made  at  E.R.D.E. Woolwich 
(lot  ARD.2079  4).  The  FAC  lot  burned  according  to  the  law  0.707  v/hereas  the 

law  for  the  ^.R.D..  lot  was  0.72#P  O.764.  The  corresponding  valuegof/o/^Vere.,  respect¬ 
ively,  0.393  and  0.354.  The  value  of  X'0  for  the  lAJC  sample,  determined  experimentally, 
was  about  /  smaller  than  the  calculated  value,  whereas  with  the  J..R.D.  sample  the 
difference  was  of  opposite  sign  and  about  half  this  magnitude. 
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